
Image ProcesImage Proces
X-Ray Images

N Sh hi hN. Shashishe
V.J. TechnoloJ ec o o

ssing of Digitalssing of Digital  
s

khekhar
ogies, Inc.og es, c



Contents
 Introduction
 Image Enhancem Image Enhancem
Noise Reduction
Special Filters
 Image Registratio Image Registratio
Automated Defec

mentment

onon
ct Recognition



ntroduction
Modern X-ray ima

digital imagesdigital images
This enables sop

i t bprocessing to be 
images

 Image processing
information not einformation, not e
the raw, acquired

aging systems produce 

histicated image 
li d t thapplied to these 

g can reveal significant 
easily discernible fromeasily discernible from 
d image



Need for Imag
X-ray digital detec

dynamic range (1dynamic range (1
Often required to 

ll i d f tsmall sized featur
Part geometry img y

interpretation
Makes low contraMakes low contra
 Increases inspec

ge Enhancement 
ctors have high 
2-16 bits)2 16 bits)
detect low contrast, 

f i t tres of interest
pacts viewing and p g

ast detail difficult to detectast detail difficult to detect
ction cycle time



Acquuired



Automated Defect Enhancemeent (ADE)

Comparison: 
Contrast-Brightness AdjustmentContrast Brightness Adjustment



Acquired Contrast-Brightness Adjustment



ADE



Acquired



ADE



Noise Reduct
Low contrast, fine

also enhances noalso enhances no
Reducing noise in

d t il i ibilitdetail visibility
Challenge is to reg

losing detail (deta

ion
e detail enhancement 
oiseoise
ncreases contrast and 

educe noise without 
ail preserving)



ADE



ADE + Noise Reduction



Acquired



ADE



ADE + Noise Reduction



ADE



ADE + Noise Reduction



Acquired



ADE



ADE + Noise Reduction



Acquired



ADE



ADE + Noise Reduction



+ Contrast-Brightness 
nt

Acquired + Noise Reduction + 
Contrast-Brightness Adjustment



Comparison (G
d + Gaussian smoothen (1) +d + Gaussian smoothen (1) + 
t-Brightness Adjustment

Gaussian filter)
Acquired + Noise Reduction +Acquired + Noise Reduction + 
Contrast-Brightness Adjustment



Comparison (G
d + Gaussian smoothen (2) + d Gauss a s oot e ( )
t-Brightness Adjustment

Gaussian filter)
Acquired + Noise Reduction + cqu ed o se educt o
Contrast-Brightness Adjustment



Comparison (
d + Median filter + Contrastd + Median filter + Contrast-
ess Adjustment

Median filter)
Acquired + Noise Reduction +Acquired + Noise Reduction + 
Contrast-Brightness Adjustment



Acquired



ADE



ADE + Noise Reductionn



Acquired



ADE + Noise Reduction



Special Filterss













mage Registr
 Image registration

aligning images toaligning images to
features
A li ti iApplication prima
Ray Inspection

Methods
 Invariant Feature C Invariant Feature C
 Optical Flow

Gl b l R i t ti

ration
n is the process of 
o relate correspondingo relate corresponding 

il i A t t d Xarily in Automated X-

Correspondence (Fiducials)Correspondence (Fiducials)

L l R i t ti









Air-Bag Inflato
A t I iti C t idAuto-Ignition Cartridg

ors
V ifi tige Verification



Automated De
Recognition (A
Fully automated X

done by computedone by compute
Automatic, semi-a

i t dassist modes
Automatic part idep

inspect different  
order)order)

efect 
ADR)
X-ray image analysis 
erer
automatic and operator 

entification (ability to ( y
part types in random 



utomated Def
ADR) Ac

Pr

DefDef

Defe

Def

fect Recognition 
cquired Image

reprocessing

fect Detectionfect Detection

ct Classification

fect Evaluation



mated Defect Recognition



mated Defect Recognition



Castings


